Abstract: This study examined the cocoa production technologies adopted by cocoa farmers in Kogi State, Nigeria. Data used for the study were collected from 134 cocoa farmers through the use of a structured questionnaire. Using descriptive and inferential statistics for the analysis, our study revealed that production technologies adopted by cocoa farmers in Kogi State includes planting hybrid cocoa varieties (4.55), weed control (4.34), control of black pod disease with fungicides (4.39), fertiliser application (4.21) and control of capsids with insecticides (4.30). Analysis of variance (ANOVA) shows that there is a significant difference (0.68, p < 0.05) between production technologies adopted and cocoa production output among farmers. This indicates that production technologies has led to quality of output and improved farm practices. This paper concludes that farmer should strive to improve more on these technologies. Where there is inadequate enabling environment for farmers, the possibility of reduction of cocoa product is inevitable.
Introduction
Cocoa is a cash crop grown throughout the humid tropics with about 6.5 million hectares planted with the crop in 57 countries. The crop belongs to the family of steruliarcaea and genus theobroma. It was discovered in 18th century at the Amazon basin and later spread to other tropical area of South and Central America and West Africa (Opeke, 1987) . Since the end of the First World War, West Africa has been the highest producer of cocoa which was actually introduced into Nigeria in 1887 (Ayorinde, 1960) . Approximately, 70% of the world supply of cocoa originates from Africa (Nkamleu et al., 2010) .
Many farmers in Nigeria are involved in the trading, transport, processing and export of cocoa. The crop can be used in the production of cocoa powder, chocolate products, beverages, wine and butter. Also, cocoa is used to produce cocoa bread, biscuits, soap, cream, livestock feeds among others (Arueya, 1989; Olubamiwa et al., 2002; Hamzat et al., 2003) . Taubert et al. (2007) discussed cocoa as group of compounds that exhibit health benefit and served as a plant-based food that contains carbohydrates, fats, proteins, natural minerals and some vitamins. Like several other plants, cocoa is used as foods like tea, red wine, jams, fruits, soft drinks, vegetables and nuts.
The crop remain an important export and cash crop grown in some states such as Ondo, Cross river, Osun, Oyo, Ogun, Edo, Ekiti, Abia, Kwara, Kogi, Akwa ibom, Delta, Taraba and Adamawa states (Oluyole and Sanusi, 2009; Nkamleu et al., 2010) . Ayanlaja (2000) opines that cocoa is a major economic tree crop in Nigeria because it provides jobs and income to farmers. For example, between 1950 and 1960, cocoa played a significant role in the Nigeria foreign exchange market as it remains the highest source of foreign exchange for the country (Oyedele, 2007) .
Until recently, Nigeria used to be the second producer of cocoa in the world and the highest source of foreign exchange earnings, but due to a combination of several factors, its production has continued to dwindle over time (Adegbola and Abe, 1983; Oluyole and Sanusi, 2009; Oluyole et al., 2013) . For instance, Olaiya (2016) attributed the cause of decline in cocoa production to the oil boom syndrome coupled with other socio-economic factors. These however result in shift of labour from cocoa farms to the industrial sectors (Ayoola and Fasina, 2000) . Also, there is issue of ageing cocoa trees as well as poor agricultural practices and climate change. Currently, the crude oil has remained the highest sources of foreign exchange earnings while cocoa a versatile, renewable and sustainable source of revenue is yet to reclaim its lost glory (Fasina, 2001) . Today, Nigeria is the fourth producer of cocoa in Africa after Cote d'Ivoire, Ghana and Cameroon (ICCO, 2017) . However, cocoa production in Nigeria is lagging due to level of productivity of the existing old cocoa trees (Fasina, 2001; CRIN, 2006) , coupled with their susceptibility to pest attack are responsible for decline in the quality and quantity of cocoa production in the country.
The average cocoa beans production in Nigeria between 2000 and 2010 was 389,272 tonnes per year. According to ICCO (2017) , average cocoa beans production in Nigeria between 2015 and 2016 was 192,000 tonnes per year declining from 389,272 tonnes produced in 2010. However in 2017, the production increased to 230,000 tonnes which also has not met the previous production volume. The declined of Nigerian rate of cocoa production from the expected production shows that the country is losing the monetary value expected from foreign exchange.
Cocoa production in Nigeria is undertaken mostly by poor, small-scale and low technically farmers (NBS, 2012) . These farmers therefore face difficulties in setting up of new cocoa farms and rehabilitation of old ones. All these factors have hindered the cocoa sub-sector to receive much attention in order to maintain it leading role as non-oil export. Despite several policy intervention programs and initiatives employed by the Nigerian Government to solve the problems faced by cocoa farmers, cocoa beans production has continued to experience a downward trend. This study therefore tends to empirically provide information on cocoa production technologies employed by cocoa small-scale farmers in Kogi State, Nigeria.
Literature review
Cocoa was originated from South American Amazon forest. The plant was first given its botanical name by Swedish natural scientist called Carl van linne (Crawford et al., 2006) . He described cocoa as 'food of the gods (theobroma)'. Cocoa tree usually attain maturity stage between five to six years and can live up to 50 years. In West Africa, the harvesting is between September and October and can extend from January to March. Cocoa plant requires plenty of water and survives in a continuation of sandy and loamy soils.
The pods can be collected when they fall to the ground or gathered from trees, opened by claws or beaks and the white fruits insides can be eaten for their sweetness and nourishment. Nigeria is one of the principal producers of cocoa and has risen to become a major exporter of the product over the last century. Nigeria is ranked among the five largest producers in the world. Cocoa production in Nigeria is essentially on a small-scale level and is mainly produced in Ekiti, Ondo, Osun, Oyo and Ogun. Their production accounts for about 70% of the country's total annual production (Adetunji et al., 2007) . The quality of cocoa output is determined by a number of factors which varies in line with climate or weather condition. The output increases when the weather is favourable and decreases when the weather is not favourable. Nigeria has two major groups of farmers, the large-scale cocoa farmers and small-scale cocoa farmers (Adetunji et al., 2007) .
Cocoa is a major crop in Nigeria and it is important to the economy of Nigeria. Adetunji et al. (2007) affirmed that men actively participate in cocoa production than the female counterpart. Uwagboe et al. (2010) reported that those into cocoa production in Nigeria are mainly old farmers over 60 years. This is seen as a factor that will hold back government efforts to promote a tripling of cocoa production. Other factors that made production to dwindle over time include ageing cocoa trees, old age of farmers, poor agricultural practices and climate change (Gro-Cocoa Global Research on Agriculture Newsletter, 2008). Adeogun et al. (2010) and Iremirem (2011) corroborate this observation that most cocoa farms in Nigeria are old with low productivity.
Cocoa production has significantly contributed to the agricultural sector of Nigeria economy (Folayan el al., 2006) . The vast contributions of cocoa to the nation's economic development have been reported by many authors (Abang, 1984; Folayan el al., 2006) . Cocoa production has made significant economic contribution in terms of employment, foreign exchange earnings, capacity and income generation to Nigeria economy since its introduction into the country. The Federal Government of Nigeria (FGN) established the National Cocoa Development Committee (NCDC) in 2000 and domiciled it in the Federal Ministry of Agricultural and Rural Development (Titilola, 1997) . This committee was charged with the responsibility of developing a blue print for reviving the nations cocoa industry with a special focus on its rehabilitation. The rehabilitation program aimed at increasing the quality and quantity of cocoa produced in Nigeria. In order to sustain and improve on these performances, the President of Nigeria (Olusegun Obasanjo) launched a special program tagged cocoa rebirth in 2005 (Titilola, 1997) . The policy thrust of the program was to promote the production of cocoa to meet the needs of an expanding industrial sector and export market. The program also aimed at creating jobs and wealth in order to enhance farmers' income and reduce poverty in the country (FGN, 2006) . Some of the targets of the policy are to improve the farmers' income and increase cocoa production from 170,000 metric tonnes to 320,000 metric tonnes per annum (pa) in long-term.
Cocoa technology could be defined as the total stock of knowledge including traditional skills necessary for cocoa production, processing and marketing (Laryea, 1981) . It is the responsibility of Cocoa Research Institute to examine the problems militating against cocoa production and develop technologies that can improve farm practices. Baffoe-Asare et al. (2013) identified the following technologies by the Ghanaian Government for addressing the dwindling level of cocoa productivity. These include cultural maintenance, fertiliser application, fungicide, fermentation and drying and application of insecticides.
These technologies are used mainly to reduce the two major cocoa pests namely, capsids and black pod disease. Baffoe-Asare et al. (2013) observed that the introduction of high-tech technologies had significant increase in cocoa production in Ghana, specifically leading to production level of 1,004,194 metric tonnes in 2011. These technologies are used for the removal of basal chupons and overhead canopies, weeding of cocoa farm, removal of dead husks and pods, maintenance of some trees in cocoa farm and removal of all hosts on the farms among other. Aneani et al. (2012) also established similar number of cocoa technologies based on the farm activities including spraying against capsids, spraying against black pod, weeding, cocoa variety planting and fertiliser application.
Empirical review on technical efficiency of cocoa production
Studies by Gockowski et al. (2010) and Nkamleu et al. (2010) have established that in Africa, the cocoa sector thrives on increase in area cultivated rather than improving yield and technical efficiency. To reverse this trend, stakeholders of cocoa growing economies have resorted to introduce policy reforms into the industry to improve efficiency in such a way that output can be increased without requiring additional conventional inputs and new technology. This implies that an empirical measure of efficiency and technical progress is the rational strategy to improve performance significantly with a given technology or in the presence of technological gaps. The general output of individual farmers therefore largely depends on the various inputs as well as other specific characteristics relevant for the estimation of inefficiency. Evaluation of technical efficiency is determined using parametric and non-parametric techniques. Non-parametric technique constitutes data envelopment analysis (DEA) and requires linear programming based on the input and output quantities.
The parametric technique is also based on the stochastic frontier analysis (SFA), which was first proposed by Aigner et al. (1977) and Meeusen and Van-den (1977) . The SFA uses assumptions on the distribution of an unobserved productivity component to separate productivity from the deterministic part of the production function and the random error. Estimating relative technical efficiencies of firms are thus based on information extracted from extreme observations from a body of data to determine the best practice production frontier to achieve the relative measure. Battese and Coelli (1995) , evaluating for technical efficiency of Nigeria paddy rice producers found a positive relationship between the degree of inefficiency and the producer's age and a negative relationship with the educational level of the producer. Weir and Knight (2000) established in Nigeria that household education positively influenced the level of technical efficiency in cereal crop farms. In the Brazilian Centre-West, access to credit institutions, supply of public sector utilities, technical assistance and use of modern inputs like fertilisers, practice of irrigation, soil conservation and crop protection against pests are the factors responsible for differences in the level of inefficiency between plantations. On farm sizes, Townsend et al. (1998 ), Heshmati (2000 and Winter and Nelson (2000) found no significant variation in technical efficiency, but Tadesse and Krishnamoorthy (1997) reported an inverse relationship while Helfand et al. (1999) established a quadratic relationship.
In West African, studies in Ghana and Nigeria found a negative impact of education on productivity of cocoa. Tchale (2009) also reported about improved efficiency with the quantity and productivity of household labour, which directly contradicts findings of Masterson (2001) who also observed that efficiency was inversely related to productivity. Winter and Nelson (2000) found no useful effect of gender of the household head on technical efficiency. Owens et al. (2001) , Shanmugam and Venkataramani (1994) and Chirwa (1994) studied the effect of technical efficiency on extension services, education, health and infrastructure and seed type. Together with many others observed mixed outcomes particularly for education, as noted from the key West African cocoa producing states.
From the foregoing, it is clear that technical efficiency is hugely influenced by the inefficient allocation of resources as well as numerous socioeconomic variables which are of varied characteristics. In Nigeria, studies were concentrated on determining productivity with little attention given to efficiency levels; however, it is possible to increase cocoa production significantly, simply by improving the level of producer technical efficiency without additional investments. Increasing productivity and efficiency requires a good knowledge of the current inherent efficiency or inefficiency and related factors. The efficient allocation of resources for development purposes and the factors of production need to be effectively mobilised to reduce the gap between actual and potential national outputs in order to reap the far reaching benefits (Owens et al., 2001) .
The use of empirical measurement provides clearer evidence of the impact of some factors on the performance level rather than the use of theory. Also, the formulations of policy measures have probably been hampered by the lack of relevant empirical studies at critical areas. Considering the diversity in results of factors of the same kind at many sites of study as indicated earlier in the text. Such empirical study will obviously pave way for challenges at specific sectors to be addressed on the merits that they deserve, rather than trying to provide solutions for regional or national issues such as on the West African region.
It has been established that farms in Nigeria have poorly adopted much of the technological knowledge on cocoa management. The major factors responsible for this include financial constraint, poor technical knowledge and lack of concern for the consequence of careless use of pesticides (Oduwole, 2001) . Adetunji et al. (2007) identified the factors responsible for cocoa production technologies in Nigeria as institutional restriction and insufficient funds; insufficient manpower to reach all small holders; lack of expertise in cocoa technology transfer for among extension agents as well as ineffective communication of technology; and lack of farmer participatory approach to technology transfer.
The Farmer Field School (FFS) training methodology can also be incorporated to complement the existing extension delivery system. In achieving this, extension workers should be adequately trained on the principle and application of pests' management technology to cocoa which can also incorporate social science and communication skills. Furthermore, educational materials (written and other media) can be simplified to enable farmers carryout the prescribed activities with ease. Participant farmers supported with some input (e.g., seedlings, pesticides, transportation, direct access to researcher, etc.) can be used as informal extension agents.
Research methods
Descriptive research design was used to analyse the current cocoa production technologies in Kogi State, Nigeria. The study covered eight local governments in Kogi State namely, Ankpa, Bassa, Kabba/bunu, Ijumu and Ogori-Mangongo, Mopa-muro, Yagba West and Okene. These local governments were selected because they form the highest concentration of cocoa production in the state. Data were collected with the use of structured questionnaire (Daramola, 1996) . Kogi State produces one of the best cocoa product in terms of quality in the country and is ranked the tenth after Kwara State (Daramola, 1996) . Also, Kogi State is one of the leading producers of good quality cocoa which accounts for the largest in the country. Table 1 shows the concentration of cocoa production in Kogi State. Source: Daramola (1996) 4 Data analysis and discussions Table 2 shows the socio-demographic characteristics of the farmers in the study area. The result showed that majority 84 (62%) of cocoa farmer in Kogi State were male. It means that more male are involved in cocoa production in Kogi State. Adetunji et al. (2007) reported that men actively participate in cocoa production than the female counterpart. The age group of the farmer fell between 61 and above 54 (40.3%) which implies that farmers that engaged in cocoa production in Kogi State are ageing. This result conformed to Uwagboe et al. (2010) , Iremirem (2011) and Agritrade CTA (2012) findings as reported that those into cocoa production in Nigeria are mainly old farmers. The marital status showed that 72 (55%) of cocoa farmer are married. The educational background of the farmers indicated that most of the farmers had SSCE certificate (35%) followed by those who had first school leaving certificate (16%) while others include no formal education (14%), OND/NCE (8%), BSc/BTech (4%) and postgraduate (7%). This implies that literacy level is very low among the farmers in Kogi State. Most of the farmers are from Kogi State 97 (72%) and located in Yagba West 58 (43%) and the majority 80 (59%) of them are full time farmer. This result agreed with the findings of Anim-kwapong and Frimpong (2008) and Oluyole and Sanusi (2009) . They observed that most cocoa farmers with other source of income were trading with low productivity. Table 3 shows the rate of cocoa production technologies adopted by cocoa farmers in Kogi State. The result showed that six out of eight technologies were employed in cocoa production. These include planting hybrid cocoa varieties (4.55), weed control (4.34), control of black pod disease with fungicides (4.39), fertiliser application (4.21) and control of capsids with insecticides (4.30). Majority of the technologies had a mean value within 4.00 and above. This suggests that these technologies are critical to cocoa production in Kogi State. Aneani et al. (2012) also had find that fertiliser application and weed control, planting hybrid/cocoa varieties, block pod spraying are recommended technology of cocoa production. (24) 56 (42) 6 (4) 14 (10) 3.48 134
Socio-demographic of respondents

Adoption rate of cocoa production technologies
Fermentation and drying 22 (16) 32 (24) 56 (42) 10 (7) 14 (10) 3.71 134 Table 4 shows the result of the regression analysis using ordinary least squares (OLS) Durbin-Watson (DW) estimation of the determinants of the significant of the relationship that exists between technologies on cocoa production practices in Nigeria. The method is popular in post-SAP studies of cocoa production and exports as revealed in Oni et al. (1991) , Kumar (2004) , Kumar et al. (2008) , Yusulf and Akinlade (2011) and Ojo et al. (2014) . Note: ** and * are 1% and 5% level of significance, respectively.
OLS estimation
The result revealed that the coefficient of technologies (0.68) has positive and significant effect on cocoa production practices of farmers. The value of its coefficient indicates that when technologies used in cocoa farming is ten times applied; cocoa production will improve by times three. This strongly suggests that Kogi State farmers should strive to improve on workable and efficient technologies in their farming activities. Where there is dearth of enabling environment for farmers, the possibility of reduction of cocoa product is inevitable. On the other hand, the factors that are discovered in the study to influence the technologies in cocoa farming are critical. This indicates that without these factors in place, technologies adoption may fail. This is supported by the coefficient value of 0.30, which implies that by any negative change in these factors, technologies in cocoa farming will be affected by the rate of 0.30. Therefore, the farmers should make every effort so that these factors would not affect the technologies in which they use in the cocoa farming.
Conclusions
The study examined the technologies adopted on cocoa production in Kogi State. The analysis showed that cocoa farmers that engaged in cocoa production were ageing as indicated in the result that the majority of the farmers are between 60 and above and cocoa production in the study area was dominated by men. Also, the results showed that majority of the farmers hailed from Ijumu part of Kogi State and the major occupation of the farmers is full time farming. The first pair sample correlation showed a significant positive weak relationship between the technologies adopted by farmers and the factors that influence the adoption of these technologies. Therefore, we realise that technologies of cocoa farming are significantly related to factors that influence these technologies in Kogi State. This is supported by the coefficient value of 0.30, which suggests that by any negative change in these factors, technologies in cocoa farming will be affected by the rate of 0.30. Also, the second pair hypothesis one showed a significant relationship between technologies of cocoa farming and cocoa production practices in Kogi State.
Furthermore, analysis of variance (ANOVA) analysis showed a positive significant effect on cocoa production practices of farmers. Therefore, the farmers should make every effort so that these factors would not affect the technologies in which they use in the cocoa farming.
Limitations and implications of the findings and proposed future research direction
The study is limited to Kogi State due to insufficient fund expended on the research during the period of the study (September 2015 -June 2016 . However, the study revealed that technologies of cocoa farming are significant and any negative change in these technologies will affects it usage in cocoa farming. The study therefore recommends that further research should focus on other cocoa producing states in Nigeria and factors influencing the adoption of cocoa production technologies in Nigeria. This is with a view to enhancing technology usage in cocoa production in Nigeria
Significant contributions of the study
Previous studies have established that in Africa the cocoa sector thrives on increase in area cultivated rather than improving yield and technical efficiency. Also, literature has shown that household education positively influenced the level of technical efficiency in agricultural farming. Hence, this study therefore has contributed significantly to the existing literature by providing information on the adoption rate of research-based cocoa production technologies and its effect on cocoa production practices among cocoa farmers in Kogi State.
